August 1990
A SURVEY AND RESOURCE MATERIALSON THE USE OF

OXYGEN SUPPLEMENTATION IN FISH CULTURE

1990

DOE/BP-1120



202

This report was funded by the Bonneville Power Adminigtration (BPA), U.S. Department of Energy, as part of
BPA's program to protect, mitigate, and enhance fish and wildlife affected by the development and operation of

hydroe ectric facilities on the Columbia River and its tributaries. The views of this report are the author'sand do r
necessarily represent the views of BPA.

This document should be cited as follows,

Colt, John; Fish Factory, Kris Orwicz Aquatic Biotics, Gerald Bouck, Project Manager U.S. Department of Energy
Bonneville Power Administration Division of Fish and Wildlife (BPA Report DOE/BP-1120) 46 electronic pages

Thisreport and other BPA Fish and Wildlife Publications are available on the Internet &t:

http://Mmww.efw.bpa.gov/cgi-bin/efw/FW/publications.cgi

For other information on eectronic documents or other printed media, contact or write to:

Bonneville Power Administration
Environment, Fish and Wildlife Divison
P.O. Box 3621
905 N.E. 11th Avenue

Portland, OR 97208-3621

Please include title, author, and DOE/BP number in the request.

7/24/01 12:19 PM



A SURVEY AND RESOURCE MATERIALS ON THE
USE OF OXYGEN SUPPLEMENTATION IN FISH CULTURE

by

John Colt
Fish Factory

and

Kris Owicz
Aquatic Biotics

Prepared For

Geral d Bouck, Project Mnager
U S. Departnent of Energy
Bonneville Power Administration
Division of Fish and Wldlife
P.O Box 3621
Portland, OR 97208- 3621

Sept enber 1988



TABLE OF CONTENTS

Section

VI

VI,

| nt roduction

Literature Sources .o s

Bi ol ogi cal Effects of Suppl ement aI Q<ygen .
Oxygen Toxicity. Coe e
Gas Bubble Trauma. . R
Physi ol ogi cal and Behavi oral Probl ens.

Bi ol ogi cal Effect-s of Increased Inten5|ty
Ammonia and Nitrite.
Loadi ng and Density
Suspended Solids
Carbon Di oxi de

Oxygen Absor ber System;
Utube - - . P
Downf | ow Eubbl e Oont act Aerat or (DBCA)
Packed Col umms . Coe
Spray Col umms . .
Pressurized Packed OoI ums
H gh Pressure Injection.

Use and Eval uation of Oxygen Suppl emsnt atl nn Syst ens.

Li st of Oxygen Suppl enmentation Systems i n Operation.

Li st of Oxygen Suppl enentation Syst ems in the Desi gn of
Construction Phase

Response of Private Consultants in Oxygen Suppl ementation.

Response of Manufactures of Oxygen Supplenentat ion
Equi prrent .

Current Research in Oxygen Supplementation

Page

(3 I O O O N N

0O g~ —d —J —J ] 4T O O =

-
—;

34

37



SECTION |

INTRODUCTION

Oxygen suppl ementation is the process by which naturally occurring
di ssol ved oxygen (DO is supplenented with enriched oxygen to restore or
enhance DO levels in water. In aquaculture this is usually done with
relatively pure oxygen and the result has significant potential to inprove
fish health, aid hatchery econonic considerations, or both. For exanple
oxygen suppl ementati on can preclude both hypoxia and gas bubbl e di sease, as
well as allow nore fish to be reared in the same space or water or both.
However, the concepts and technol ogy in oxygen supplenentation are evol ving
rapidly and direct comunication with the user groups would foster technol ogy
transfer and inprove inplenmentation. Therefore we undertook and now report a
survey of organizations that either currently use or plan to use oxygen
suppl enentation. Additionally we included various pertinent material
including literature sources, lists of consultants and equi pnent manufacturers

and some current research in oxygen supplenmentation.

The use of mpdern oxygen absorption equipnent in aquaculture is of
particular interest because of its unique ability to econonically saturate or
supersaturate water with dissolved oxygen (DO). Supersaturated DO
concentrations in the absorber effluent significantly reduces the volune of
water that nust be treated to satisfy a given oxygen demand. Unlike air
contact systens, sone oxygen absorbers al so have the capacity of reducing
di ssolved nitrogen to or bel ow saturation for the purposes of controlling gas

bubbl e gas bubble disease. The extent of nitrogen stripping or oxygen



absorption can be easily regul ated by adjusting oxygen flow rates and/or

system operating pressures.

Met hods

Qur survey was conducted by devel oping a questionnaire and mailing it to
over 3000 individuals or agencies whose addresses were supplied by the
Arerican Fisheries Society and M. Larry Vischer of the U S. Fish and Wldlife
Servi ce. Detail ed operational characteristics of the individual oxygen
suppl enentation systems were requested. In sone cases, these data were
considered proprietary information, but nbst respondents shared the avail able

i nfornation when approached with a specific question or situation.

Results and Di scussi on

Approximately 780 replies were received fromindividuals mainly in North
Anerica and Europe. The resulting information is |isted elsewhere in this
report. Forty fish culture facilities are already equipped with suppl emental
oxygen. (Canada = 6; Israel = 2; Norway = 1; United States = 31; and \West
Germany = 1.) Many of these have been operating with supplenmental oxygen for
several years and the respondents often vol unteered nunmerous comments
regarding their favorable results. W also discovered that another 35
facilities (in the design or construction phases) will soon be equi pped with
suppl enmental oxygen. (Canada = 2; United States = 32; and West Germany = 1.)
The results of this survey |ends considerable credibility to the thesis that

suppl enmental oxygen is comng of age in fish aquacul ture.



Readers are encouraged to comunicate directly with the persons who
al ready use suppl emental oxygen or related equipnent. To this end we included
the nanes, addresses, and tel ephone nunbers of users, researchers, and
consultants active in oxygen supplenentation and the manufacturers of oxygen

suppl enentati on equi prent.
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U S. Departnment of Energy and the Bioengineering Section of the American
Fisheries Society. Additional copies of this report can be obtained from
Bonneville Power Administration (PJS), P.O. Box 3621, Portland, OR 97208,
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SECTION I
LITERATURE SOURCES
BIOLOGICAL EFFECTS OF SUPPLEMENTAL OXYGEN

Oxygen Toxicity

‘artheleny, L., A Belaud, and C. Chastel. 1981. A conparative study of
oxygen toxicity in vertebrates. Respiration Physiol ogy, 44:261-268.

D Aoust, B. G  1969. Hyperbaric oxygen: toxicity to fish at pressures
present in their swimbladders. Science, 163:576-578.

Halliwell, B and J. M C. Cutteridge. 1984, Oxygen toxicity, oxygen
radicals, transition netals and di sease. Bi ochem J., 219:1-14.

Hoffert, J. R, D. A Baeyens, and P. 0. Fronm 1975. In Vivo oxygen toxicity
in invertebrates and vertebrates. Conp. Biochem Physiol., 52A 351-353.

Sebert, P., L. Bartheleny, and C. Peyraud. 1984. (Oxygen toxicity in trout at
two seasons. Conp. Biochem Physiol., 78A: 719-722.

Ubels, J. L., J. R Hoffert, and P. 0. Fronm 1977. Ccular oxygen toxicity:
the effect of hyperbaric oxygen on the in vitro electroretinogram  Conp.
Bi ochem Physiol., 57A 29-32.

Gas Bubble Traumm

Bouck, G R  1980. Etiology of gas bubble disease. Trans. Am Fish. Soc.
109: 703- 707.

Bouck, G R 1982. Gasoneter: An inexpensive device for continuous
nmonitoring of dissolved gases and supersaturation. Trans. Am Fish.
Sc..  111:505-516.

Bouck, G R and R E King. 1083. Tolerance to gas supersaturation in
freshwater and sea water by steel head front, Salno gairdneri.
Ri chardson. J. Fish Biol. 23:293-300.

Colt, J.  1986. I mpact of gas supersaturation on the design and operation of
aquatic culture systens. Agquacul tural Engineering, 5:49-86.

Colt, J., G Bouck, and L. Fidler. 1986. Review of current literature and
research on gas supersaturation and gas bubble trauma. Bonneville Power
Administration, Portland, OR

Deufel, J. and A Mhr. 1983. Limts for oxygen use in aquaculture. In
Optim erung von Betriebsparanetern in Der Aquakul tur, Hanburg, Gernany,
pp. 1-11. [In German]

Knoesche, R 1985. Problens of gas-bladder disease in intensive fish
culture. Zweigstelle fuer Fischereitech, 32:44-50. [In German]



Nebeker, A. V., G R Bouck, and D. G Stevens. 1976.  Carbon di oxi de and
oxygen-nitrogen ratios as factors affecting salnmon survival in
air-supersaturated water. Trans. Am Fish. Soc. 105 :425-429.

Weitkanp, D. E. and M Katz. 1980. A review of dissolved gas supersaturation
literature. Trans. Am Fish. Soc. 109: 659- 702.

Physi ol ogi cal and Behavioral Problens

Dejours, P., A Toulnond, and J. P. Truchot. 1977. The effects of hyperoxia
on the breathing of marine fishes. Conp. Biochem Physiol., 58A: 409-411.

Qulidov, M V. 1969. Enbryoni c devel opment of the pike [Esox Lucius L.] when
i ncubat ed under different oxygen conditions. Problenms of |chthol ogy,
9: 841-851.

Qulidov, M V. 1974. The Effect of different oxygen conditions during
i ncubation on the survival and sone of the devel opnent characteristics of
the "verkhovka" [Leucaspius delineatus] in the enbryonic period.
J. Ichthyol ogy, 14:393-397.

@Qlidov, M V. and K S. Popova. 1977. The influence of increased 02 on
the survival and hatching of the enbryros of the beam Abranis brana.
J. lIchthyol ogy, 17:174-177.

Heisler, N., D. P. Toews, and G F. Hol eton. 1988. Regulation of ventilation
and aci d-base status in the elasmbranch [Scyliorhinus stellaris] during
hyperoxi a-i nduced hypercapnia. Respir. Physiol., 71:227-246.

Hobe, H, C. M Wod, and MG Weatly. 1984. The nechani sms of acid-base and
ionregulation in the freshwater rainbow trout during environnental
hyperoxi a and subsequent nornoxia. |. Extra - and intracellar acid-base
status. Respir. Physiol., 55:139-154

Sinha, N.P. and P. Dejours. 1980. Ventilation and bl ood acid-base bal ance of
the crayfish as functions of water oxygenation (40 - 1500 Tot-r).  Conp .
Bi ochem Physiol., 65A: 427-432.

Smit, G L. and J. Hattingh. 1978. The effect of respiratory stress on carp
haenogl obin.  Conp. Biochem Physiol., 59A: 369-374.

Weat herly, A H 1970. Effects of superabundant oxygen on thermal tolerance
of goldfish. Biol. Bull., 139:229-238.

Webe, A H and A M MGavock. 1932, The ability of several species of
fish to survive on prolonged exposure to abnornmally high concentrations
of dissolved oxygen. Trans. Am Fish. Soc., 63:267-274.

Wod, C M and E. B. Jackson. 1980. Bl ood aci d-base regul ation during
environmental hyperoxia in the rainbowtrout (Salno gairdneri.)
Respiration Physiology, 42:.351-372.




BIOLOGICAL EFFECTS OF INCREASED INTENSITY

Ammonia and Nitrite

Al abaster, J. S., D. G Shurben, and G Know es. 1979. The effect of
di ssol ved oxygen and salinity on toxicity of ammonia to snolts of sal non,
Sal no salar L. J. Fish Biol., 15:705-712.

Carline, R F., A J. Benson, and H Rothenbacher. 1987. Long-term effects of
treated domestic wastewater on brown trout. \ater Res., 21:1409-1415.

Downing, K. Mand J. C. Merkens. 1955. The influence of dissolved-oxygen
concentrations on the toxicity of un-ionized ammonia to rainbow trout
(Salm _gairdneri Richardson). Ann. Appl. Biol., 43:243-246.

Meade, J. W 1985. Allowable ammpnia for fish culture. Prog. Fish-Cult.,
47: 135-145.

Thurston, R V., G R Phillips, R C Russo, and S. M Hinkins. 1981.
Increased toxicity of ammonia to rainbow trout (Salnm gairdneri)
resulting from reduced concentrations of dissolved oxygen. Can. J. Fish.
Aquat. Sci., 38:983-988.

Thurston, R V., R C Russo, R J. Luedtke, C. E Snmith, E L. Myn,
C. Chakounekos, K. C. Wang, and C. J. D. Brown. 1984. Chronic toxicity
of ammmnia to rai nbow trout. Trans. Am Fish. Soc.k 13:56-73.

Loadi ng and Density

Banks, J. 1987. Effects of raceway inflow and rearing density interactions
on adult returns of coho and spring chinook sal non. Papers on the Use of
Suppl enental Oxygen to Increase Hatchery Rearing Capacity in the Pacific
Nort hwest, Bonneville Power Adm nistration, Portland, OR pp. 40-49.

Fagerlund, U H M, J. R MBride, and E. T. Stone. 1981. Stress-related
effects of hatchery rearing density on coho salnon. Trans. Am Fish.
Soc., 110;644-649.

Peters, G, R Hoffrmann, and H Klinger. 1984.  Environnent-induced gill
di sease of cultured rainbow trout (Salnm gairdneri). Aquaculture,
38: 105- 126.

Refstie, T. 1977. Effect of density on growth and survival of rainbow trout.
Aquacul ture, 11:329-334.

Refstie, T. and A Kittel sen. 1976. Effect of density on growth and survival
of artificially reared Atlantic Salnmon. Aquacul ture, 8:319-326.

Soderberg, R W and W F. Krise. 1986. Ef fect of rearing density on growth
and survival of |ake trout. Prog. Fish-Cult., 48:30-32.

Soderberg, R W and D. Baxter. 1987. Gowth and survival of fingerling |ake
trout reared at four densities. Prog. Fish-Cult., 49:284-285.

6



Soderberg, R W and W F. Krise. 1987. Fin condition of |ake trout,
Sal vel i nus namaycush \Wal baum reared at different densities. J. Fish
Di sease, 10: 233- 235.

Wedenmeyer, G A 1976. Physiol ogi cal response of juvenile coho sal non
(Oncor hynchus ki sutch) and rai nbow trout (Salmogairdneri) to handling
and crowding stress in intensive culture. J. Fish. Res. Bd. Can.,

33: 2699-2702.

Suspended Solids

Boersen, G and H Westers. 1986. Waste solids control in hatchery
raceways. Prog. Fish-Cult., 48:151-154.

Carbon Di oxi de

Smart, G R, D. Knox, J. G Harrison, J. A Ralph, R H Richards, and C. B.
Cowey .  1979. Nephrocal cinosis in rainbow trout_ Salmogairdneri
Ri chardson; the effect of exposure to elevated CO2 concentrations.
J. Fish Diseases, 2:279-289.

OXYGEN ABSORBER SYSTEMS
Ut ube

Maurel, P. 1986. L'oxygenation par tube en U en pisciculture et
aquacul ture.  Aqua Revue, 4:31-35. [In French]

Petit, J. 1981. UWilisation de |'oxygene pur en pisciculture. Proc. Wrld
?/np. on Aquaculture in Heated Effluents and Recircul ation Systens.
olume 1, K Tiews (ed), Heenemann GrbH, Berlin, pp. 429-545. [In French]

Speece, R E., D. @Gllagher, C Krick, and R Thonson. 1980. Pilot
performance of deep u-tubes. Progress in Water Technol ogy, 13:395-407.

Watten, B. J. and L. T. Beck. 1985. Mbdeling gas transfer in a u-tube oxygen
absorption system effects of off-gas recycling. Aquacul tural
Engi neering, 4.271-297.

Downf | ow Bubbl e Contact Aerator (DBCA)

Speece, R E., M Madrid, and K. Needham Downf | ow bubbl e contact aeration.
Sanitary Engineering Division, ASCE, 97(SA):433-441.

Packed Col ums

Bouck, G R, R E King, and G Bouck-Schmdt. 1984. Conparative renoval of
gas supersaturation of plunges, screens, and packed colums. Aguacul ture
Engi neering.  3:251-273.

Colt, J. and G Bouck. 1984. Design of packed colums for degassing.
Aquacul ture Engineering. 3~251-273.



Gowan , r. 1987. Use OF supplemental | nygen to rear chinook in seawater.
Papers on the Use of Supplenmental Oxygen to |ncrease Hatchery Rearing
Capacity in the Pacific Northwest, Bonneville Power Adm nistration,
Portland, OR pp. 35-39.

Spray Col ums

Boersen, G and J. Chesney. 1987. Engi neering considerations in supplenental
oxygen. Papers on the Use of Supplenmental Oxygen to Increase Hatchery
Rearing Capacity in the Pacific Northwest, Bonneville Power
Admi nistration, Portland, OR pp. 17-24.

Pressuri zed Packed Col ums

Lippink, J. D. and J. Valentine. 1988. Oxygen injection: It's use in water
quality inprovenent and growth enhancenent for raceway culture of rainbow
trout (Salnmo gairdneri).

High Pressure Injection

Collins, C M, G L. Burton, and R L. Schweinforth. 1984, Eval uation of
liquid oxygen to increase channel catfish production in heated water
raceways. Tennessee Valley Authority, TVA ONRED AWR-84/8, Gallatin, TN

Schutte, A 1986. Eval uation of the AQUATECTOR.  An aeration system for
i ntensive fish culture. Bozeman Information Leaflet No. 42, U S. Fish &
WIldlife Service, Bozeman, Montana.

Severson, R F., J. L. Stark, and L. M Pool e. 1987. Use of oxygen to
comrercially rear coho salmon. Papers on the Use of Suppl emental Oxygen
to Increase Hatchery Rearing Capacity in the Pacific Northwest,
Bonnevill e Power Admi nistration, Portland, OR pp. 25-34.

USE AND EVALUATION OF OXYGEN SUPPLEMENTATION SYSTEMS

Boersen, G and J. Chesney. 1987. Engineering considerations in supplenental
oxygen. Papers on the Use of Suppl enental Oxygen to Increase Harchery
Rearing Capacity in the Pacific Northwest, Bonneville Power
Admi nistration, Portland, OR pp. 17-24.

Colt, J. and B. Watten. 1987. Pure oxygen in fish culture. Presented at the
U S. Trout Farners Association Annual Convention, Ashville, North
Carolina, February 24-28, 1987.

Colt, J. and B. Watten. Applications of Pure Oxygen in Fish Culture.
Submitted to Aquacul tural Engineering.

Cowan, R 1987. Use of supplemental oxygen to rear chinook in seawater.
Papers onthe Use of Supplenental Oxygen to Increase Harchery Rearing
Capacity in the Pacific Northwest, Bonneville Power Adm nistration,
Portland, OR pp. 35-39.



Kuhl mann, H  1983. Regul ation of oxygen input in fish culture. In
Optim erung von Betriebsparametern in Der Aquakul tur, Hamburg, Cermany,
pp. 12-20. [In German]

Petit, J. and P. Maurel. 1981. Wilization of pure oxygen in fish culture:
possibilities and limts. Piscic. Fr., 66:5-13. [In French]

Visscher, L. and W Codby (editors). 1987. Oxygen supplenentation: a new
technology in fish culture. Information Bulletin # 1, US. Fish &

Wlidlife Service. Denver, Col orado.

Westers, H, V. Bennett, and J. Copeland. 1987. Mchigan's experience wth
suppl emental oxygen in salnmonid rearing. Papers on the Use of
Suppl enental Oxygen to Increase Hatchery Rearing Capacity in the Pacific
Nort hwest, Bonneville Power Administration. Portland, OR pp. 12-16.



SECTION 111

LIST OF OXYGEN SUPPLEMENTATION SYSTEMS IN OPERATION

Conpani es and individual s using oxygen supplenentation systens are presented
in this section. They are sorted by country and user nane.

The following codes are used:

Type of Oxygen Absorber System

a

b

(¢}

not used e pressurized packed col um
packed col umm f aeration cones

spray colum d oxygen injection

ot her h u-tube

Source of Oxygen

1 1

C

l'iquid oxygen
conpressed gas

pressure-sw ng absorption

Interests

Econom cs of Suppl enental Oxygen

Use of Suppl emental Oxygen Systens

Desi gn/ Engi neering of Supplemental Oxygen Systens

Physi ol ogi cal / Bi ol ogi cal Effects of Supplenental Oxygen

Oxygen Toxicity/ Gas Bubble Trauna due to H gh Oxygen Concentrations
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CANADA

Michael Bohm 705-663- 2311
North Bay Fish Culture Station

RR # 1

Redbridge, ON  POH 2A0

CANADA

Type of oxygen absorber system
Source of oxygen c
Absorption rate (kg/hr)

Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent N trogen (%

I nt erest abe

Murray Hi Il 902- 485- 5056
Aquacul ture and | nland Division

P.O Box 700

Picton, NS BOK 1HO

CANADA

Type of oxygen absorber system g

Source of oxygen c

Absorption rate (kg/hr)
Absorption efficiency (%
Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

[ nt erest ac

Gintas Kamaitis 416- 831- 0697
Cool water Farns Limted

591 Liverpool Rd.

Pi ckering, ON L1IW 1R

CANADA

Type of oxygen absorber system ?
Source of oxygen

Absorption rate (kg/hr) 50
Absorption efficiency (% 90

Ef fluent DO (ng/l)
Effluent Nitrogen (%

| nt er est ab

Robert Kidd 306- 332-5995
Fort Qu' Applle Fish Culture Station

Box 190

Fort Qu' Applle, SK SOG 1SO

CANADA
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Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%
Effluent DO (ny/l)

Ef fluent Nitrogen (%

I nt erest

Paul Lyon

Atlantic Veterinary College
550 University Ave

Charl ottetown, PElI ClA 4P3
CANADA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt er est

Shirley Roach

Sea Farms Canada
Box 2030

St. John, NB E2L 3T5
CANADA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt erest

I. Bejerano
Mnistry of Agriculture

Laboratory for Research of Fish Diseases

BAM DGEH, Editorial Ofice
Nl R-DAVID 19150
| SRAEL

| SRAEL

12

902-566-0824

abcde

506-633-5897

0.43
80-90

abcde

065- 86317



Type of oxygen absorber system be
Source of oxygen

Absorption rate (kg/hr) 0.3-0.6
Absorption efficiency (% 95

Ef fluent DO (ng/l)

Effluent Nitrogen (%

| nt er est bde

Sarah Maurice 04-988- 137
Dagnoy - Hazorea Fish Hatchery
Ki bbut z Har or ea 30060

| SRAEL
Type of oxygen absorber system e
Source of oxygen P

Absorption rate (kg/hr)
Absorption efficiency (%
Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est bde
NORWAY

M. Smith 073-15374

Maritech Aqua A/'S

R & D Station
6560 Langoyneset

NORWAY
Type of oxygen absorber system bf
Source of oxygen P

Absorption rate (kg/hr)
Absorption efficiency (%
Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est abcde
USA

James Bates 914-692-6706
Hudson River Striped Bass Hatchery

R D. 2, Box 91; GCoslen Turnpike

M ddl et own, NY 10940

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ny/l) 10.5
Ef fluent Nitrogen (%

—Q
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| nt er est bce

Vernon Bennett 616- 389- 2211
Harrietta State Fish Hatchery

6801 W30 MIle Road

Harrietta, M 49638

USA

Type of oxygen absorber system g
Source of oxygen P
Absorption rate (kg/hr) 8
Absorption efficiency (% 35-45
Ef fl uent DO (ng/l) 13-15
Ef fluent Nitrogen (% 97-99
| nt er est cd
lrvin Brock 907-428- 1347
Fort Richardson Hatchery

P.O Box 5-337

Fort Richardson, AK 99505

USA

Type of oxygen absorber system c
Source of oxygen 1
Absorption rate (kg/hr)

Absorption efficiency (% 50

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (% 90

I nt erest abcde
Robert Burr 206- 393- 7822
Cypress Sal non Inc.

3013 Mn. View Ave North

Rent on, WA 98056

USA

Type of oxygen absorber system g
Source of oxygen 1c
Absorption rate (kg/hr)

Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt erest abcde

W use oxygen airlifts in netpens to increase DO caused by |ow tidal
currents or toxic plankton bl oons.

Ken Buss 814- 466- 6446
520 W Main St.

Boal sburg, PA 16827

USA

14



Type of oxygen absorber system f

Source of oxygen |
Absorption rate (kg/hr)

Absorption efficiency (% 90
Ef fluent DO (mg/l)

Ef fluent Nitrogen (% 100
[ nterest

Used aeration cones in silos for trout production from 1970 -

Joseph Buttner 716- 395- 5750
Dept Biol ogical Sciences

SUNY Brochport

Brockport, NY 14420

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (mg/l)

Ef fluent Nitrogen (%

I nt erest abcde

David Cochran 404-276- 3803
Blue Ridge Muntain Fisheries

Rt 1 Box 317

Tal king Rock, GA

USA

Type of oxygen absorber system ?

Source of oxygen

Absorption rate (kg/hr) 0.8

Absor ption efficiency (% 100

Ef fluent DO (no/l) 100

Ef fluent Nitrogen (%

I nt erest abcde
Richard Colantuno 717-866-2461

Aqua-Life Inc
RD # 1 Box 57
Ri chl and, PA 17087

USA

Type of oxygen absorber system g
Source of oxygen 1
Absorption rate (kg/hr)

Absorption efficiency (% 60- 90
Effluent DO (ng/l) 8-10
Effluent Nitrogen (% 100

15
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| nt er est

James Copeland

Wl f Lake State Fish Hatchery
34270 C. R 652

Mattawan, M 49071

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

Speros Doulos

Saratoga National Fish Hatchery
P.0. Box 665

Saratoga, Wom ng 82331

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

John Driver

Marquette State Fish Hatchery
488 Cherry Creek

Marquette, M 49855

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

Benjamin Florence

Maryl and Dept of Natural Resources

580 Taylor Ave
Annapol l'is, M 21401
USA

abcde

616- 668- 3388

32
50

<] 00
bc

307-326- 5662

eg
lcp

91
105
abd

906- 249- 1611

C

)
16

43-76
12-19
80-92

abcde

302-974- 3733



Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt er est

Johnny Foster

AAS

308 Loop Rd
Garner, NC 27529
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

Sandy Harris

J. R Sinplot Conpany

P.O 27, One Capital Center
Boi se, I D 83707

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt er est

Larry Harris

Col orado Division of Wldlife
317 West Prospect

Fort Collins, CO 80526

USA

Type of oxygen absorber, system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

abcde

919-772- 8548

abcd

208- 336- 2110

1p
2.4

80

bcd

303-484- 2836

abd



Jeffrey Hinshaw 709- 684- 3562
2016 Fanning Bridge Road
Fl et cher, NC 28732

USA

Type of oxygen absorber system b

Source of oxygen 1
Absorption rate (kgjhr) vari abl e
Absorption efficiency (% 60- 85

Ef fl uent DO (ng/l) 12-16
Ef fluent Nitrogen (% 100

| nt erest abcde

| am an extension aquacul ture specialist advising the North Carolina
trout industry on the potential for supplenental oxygen use. W are
currently testing supplemental oxygen on six farns in North Carolina.

Chris Kohler 618-453- 2890
SLU Fisheries Research Lab

Sout hern 1llnois University

Carbondal e, IL 62901

USA

Type of oxygen absorber system h
Source of oxygen P
Absorption rate (kg/hr)

Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est abcde

Randall Link 414-528- 8825
Kettle Mdoraine Springs Hatchery

Route 1 Trout Spring Rd

Adel I, W 53001

USA

Type of oxygen absorber system o
Source of oxygen c
Absorption rate (kg/hr)

Absorption efficiency (%

Ef fluent DO (mg/l)

Ef fluent Nitrogen (%

| nt er est abcde

Eric Loudenslager 707-822-6225
Hunmbol dt State University

Sal non Fi sh Hatchery

Arcata, CA 95521

USA

18



Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

I nterest

David Marolf

Manchester Trout Hatchery
RR # 2, Box 269
Manchester, |A 52057

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent N trogen (%

I nterest

Andy Moore

Rat hbun Fi sh Hatchery
Rt 2, Box 298
Moravia, |A 52571
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

I nterest

Richard Noble

Sal mon/trout Advisory Service
P.O Bxo 6232

O ynpia, WA 98502

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/1)

Ef fluent Nitrogen (%

I nterest

19

abcde

319-927- 3276

b
cp

50

10
101
abcde

515-647- 2406

eg
P

60
<95
abcde

206-943-4676

<82

abede



Tom Pruitt

Garrison Dam National Fish Hatchery

P.0. Box 918
Ri verdal e, ND 58565
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

Andrew Rivinus

Oregon Agquafoods, Inc
2000 Marine Science Dr.
Newport, OR 97365

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt erest

Gerry Rowan

Anadr onous | nc.

P. O Box 437

Ft. Klamath, OR 97626
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt er est

Jim Stark

Oregon Agqua Foods
88700 Marcola Rd
Springfield, OR 97478
USA

20

701-654-7451

abcde

503-867- 7311

e

a

503- 381- 2206

w —Q

-4

11-13
103- 105

bcde

503-746-4484



Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt erest

Scott Stuewe

Jake Wl f Menorial Fish Hatchery
P.O Box 560

Manito, IL 61546

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

C. Turner

Marion Fish Hatchery
Rt 3 Box 35

Marion, AL 36756
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt erest

Joe Valentine

1596 West North Tenple
Salt Lake City, 84116
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

21

b

1
5-75
50- 80
30-40
82-98
abc

309-968- 7531

101- 109
abcde

205- 683- 6550

bd

801-654-0284



I nterest

Dallas Weaver

8152 Evelyn Cr.

Hunni ngt on Beach, CA 92646
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

I nterest

Paul Willenborg

Chal k Poi nt Aquacul ture Center
Hal  owi ng Point Field Station
RR 2, Box 81

Prince Frederick, MDD 20678
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

I nterest

WEST GERMANY

Rainer Obermeier
Bezirk Onerpfal z

"eichwirtschaftlicher Beispielshetrieb

Wl | er shof
D- 8487 Stoerns tein
VEST GERMANY

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (nu/l)

Ef fluent Nitrogen (%

I nterest

o
t3

abcde

714-960-4171

be

70-100

abce

301-855-1297

be

abcde

ide



SECTION 1V
LIST OF OXYGEN SUPPLEMENTATION SYSTEMS IN THE DESIGN OR CONSTRUCTION PHASE
Conpani es and individuals designing or constructing oxygen supplenmentation
systens are presented in this section. They are sorted by country and user
nane.

The following codes are used:

Type of Oxygen Absorber System

a not used e pressurized packed col um
b packed col um f aeration cones

c spray col um g oxygen injection

d ot her h u-tube

Source of Oxygen

1 liquid oxygen

c conpressed gas

) pressure-swi ng absorption
Interests

a Economi cs of Supplenental Oxygen

b Use of Suppl emental Oxygen Systemns
c Desi gn/ Engi neering of Suppl emental Oxygen Systemns
d Physi ol ogi cal / Bi ol ogi cal Effects of Supplenmental Oxygen

e Oxygen Toxicity/ Gas Bubble Trauma due to Hi gh Oxygen Concentrations
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Frank Dalriel

Mal aspi na Col | ege
900 - Fifth St.

Nanai no, BC VIR 5S5
CANADA

I nt erest

Gerald Thorn

Sal tspring Aquafarms
RR-1, CG24 Bulman Rd
Ful ford Harbour, BC
CANADA

[ nterest

vos 1CO

CANADA

604-753- 0641

abcde

604- 653- 9315

abcde

USA

Indiana Dept of Natural Resources

2650 SR 44
Martinsville, IN
USA

Type of oxygen absorber system

| nterest

James -Anderson

Wal hal 'a National Fish Hatchery

P.O Box 9

Wal halla, SC 29691
USA

[ nt erest

Alan Brandenburg

Little Gassy Fish Hatchery

Rt 1, Box 429
Carbondal e, IL 62901
USA

[ nt er est

Robert Busch’

Cear Springs Trout Co.

P.O Box 712
Buhl, | D 83316
USA

e
abcde

803-638- 2866

618-529-4100

bce

208-543- 8217
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Type of oxygen absorber system
Source of oxygen

Absorptioa rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l>

Ef fluent Nitrogen (%

I nt er est

Tommie Crawford

MIford Fish Hatchery
Rt 3, Box 304

Junction City, KS 66441
USA

[ nterest

L. Currywoods

Crane Aquaculture Facility
P.O Box 1475

Baltinmore, MD 21203

USA

[ nterest

James Davis

Texas Agricultural Extension Service

102 Nagl e Hal

Col l ege Station, TX 77840-2258
USA

Type of oxygen absorber system

I nt er est

David Erickson

Clear Springs Trout Co.

Box 712

Buhl, 1D 83316

USA

Type of oxygen absorber system

I nt er est

Larry Ferber

Cl echorn Springs Hatchery
SD Gane, Fish and Parks
Route 8, Box 4800

Rapid Cty, SD 57702

USA

Type of oxygen absorber system
Source of oxygen

25

= w = ®

3
00
100
abcd

913-238- 2638

abcde

301-335- 3011

abcde

408-845-7473

fh
acd

208- 543- 8217

b
abde

605- 394- 2397



I nt erest

Mike Gafford

Namekan West Fisheries
P. 0. Box 2162

Los Banos, CA 93635
USA

I nt erest

Frank Gisset

Atlantic Sal non (Mine)
Qquossoc Fish Hatchery
Qquossoc, Maine 04904
USA

I nt erest

Jim Gleim

Nebraska Gane & Park Comm ssion
Rt. 4, Box 270

North Platte, NE 69101

USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fluent DO (ng/l)

Ef fluent Nitrogen (%

| nt er est

Josh Goldman

Aqua Future

30 Main St

Mont ague, MA 01351

USA

Type of oxygen absorber system
Source of oxygen

I nt erest

Jerry McClain

Iron Rive National Fish Hatchery
HCR, Box 44

lron River, W 54847

USA

| nt er est

Reginal Harrell
Horn Point Aquaculture Facility
Box 775
Canbridge, MD 21673
USA
26

abcde

209-826- 6176

b

207-872-0882

abcde

308-532-6200

bc
P

60
9.2
98
ac

613-367- 9543

?h
abc

715-372- 8510

abcde

301-228- 8200



| nt er est abc

Pat Hutson 512-352- 0572
Texas Parks and Wldlife

P.O Box 947

San Marcos, TX 78667-0947

USA

[ nt er est cd

Jay Kidder 206- 441- 7500

R W Beck & Associ ates
2121 4 th Ave.
Seattle, WA 98121

USA

Type of oxygen absorber system bceg
Source of oxygen c

I nt erest abcde

Potential use of supplenental oxygen at Medvelle Creek Hatchery for
chi nook expansion.

Don Livingston 602- 744- 9060
5133 W Blackbird Dr.
Tucson, AZ 85741

USA

Type of oxygen absorber system g

| nt er est f

William Logan 303-493- 4831

Keeton Fisheries Consultants

419 Canyon Ave, Suite 215

Fort Collins; CO 80521

USA

Type of oxygen absorber system d
Source of oxygen

I nterest abcde
Using M chigan type columms for tilapia and bass

Gene McCarty 512- 389- 4651
Texas Parks and Wldlife

4200 Smith School Rd

Austin, TX 78744

USA
| nt er est ace
Dave Meuninck 219- 255-4199

Twin Branch State Fish Hatchery
13200 Jefferson
M shawaka, | N 46545

USA
27



| nt er est

Loren Moseley

Bl ack & Veatch

P. 0. Box 8405

Kansas City, MO 64114
USA

| nt er est

John Nightingale

BI OS

84 University St., 8407
Seattle, WA 98101

USA

Type of oxygen absorber system

| nt er est

Paul Scowden

Ohio Division of Wldlife

8589 Hor seshoe Road

Ashl ey, OH 43003

USA

Type of oxygen absorber system

| nt er est

Fritz Sniderman

Si I verking Cceanic Farmns
P. O Box 2184

Santa Cruz, CA 95063

USA

| nt er est

Roger Sorensen
Arizona Gane & Fish
2222 W G eenway Road
Phoeni x, AZ 85023

USA

| nt er est

Verl Stevens

Kansas Dept of WIldlife & Parks
Rt. 2, Box 54A

Pratt, KS 67124

USA

Type of oxygen absorber system
Source of oxygen

| nt er est

28

bcd

913-339- 2648

acde

206-587- 2457

e
bcd

614-747- 2525

408- 335- 3491

abcde

602-942- 3000

C

316-672-5911

—_

bc



The use of suppl enenta

Mike Stratton

Oregon Dept. Fish & Wldlife
P.O. Box 59

Portl and, OR 97207

USA

I nt er est

Mike Stroup

Sea Chick

1034 Jackson
Pascagoul a, M5 39567
USA

Type of oxygen absorber system
Source of oxygen

Absorption rate (kg/hr)
Absorption efficiency (%

Ef fl uent DO (ng/l)

Ef fluent Nitrogen (%

I nt er est

Scott Stuewe

Jake Wl f Menorial Fish Hatchery
P.O Box 560

Manito, IL 61546

USA

I nt er est

Neal Ward

Hot chki ss National Fish Hatchery
807- 3150 Lans

Hot chki ss, CO 81414

USA

I nt er est

Warren Yoder

Thonpson State Fish Hatchery
RT 2, Box 2555

Mani st eque, M 49854

USA

| nt erest

29

oxygen for raceway culture of channe

503-229-5006

abcde

601- 769- 1758

90

309-968- 7531

C

303-872-3170

abcde

906-341-5587

cde

catfish.



WEST GERMANY

Joerg Wenz

Agqua- Tek
Schluterstr, 39
D- 1000 Berlin 12
VEST GERMANY

Type of oxygen absorber system

| nt er est

30



SECTION V
RESPONSE OF PRIVATE CONSULTANTS IN OXYGEN SUPPLEMENTATION
Consul tants and individuals active in the design of oxygen supplenmentation
systens are presented in this section. They are sorted by country and company

narme. (This list is not intended to be an endorsenent of individual

consultants or conpanies, and is provided here as a convenience to the reader.)
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CANADA

David Reid 416-238-0007
UMA Engi neering

5080 Commer ce Bl vd

M ssi ssauga, ON

CANADA

Design of oxygen suppl enentation systemfor comrercial trout farmwth
pressure swng adsorption unit.

NORWAY

Peter Christensen 02-506090
A.S. Birger Christensen

As| akvei en 20, P.O Box 114, Roea

0701 Gslo 7

NORWAY

Designed and installed 35 oxygen suppl enentation systens in Norway.

USA

Kris Orwict 916-678-5126
Aquatic Biotics

1245 Cunni ngham Dr.

D xon, CA 95620

USA

Devel opnent of bio-criteria for supplenental oxygen systens

Jay Kidder 206- 441- 7500
R W Beck & Associ ates

2121 4 th Ave.

Seattle, WA 98121

USA

Potential use of supplenental oxygen at Medvelle Creek Hatchery for
chi nook expansi on.

John Nightingale 206-587-2457
Bl OS

84 University St., #407

Seattle, WA 98101

USA

Loren Moseley 913- 339- 2648
Bl ack & Veatch

P. 0. Box 8405

Kansas City, MO 64114

USA

32



Vick Kaczynski 503-224-9190
CH2M Hi ']

2020 S.W Fourth Avenue

Portland, OR 97201

Desi gned suppl emental oxygen systems for:
Anadr omous ( Coos Bay, Oregon)
Oregon Aqua Foods (Springfield, Oregon)

Desi gning suppl emental oxygen system for:
Page Springs State Hatchery (Arizona)

John Colt 916-678-5126
Fish Factory

P. O Box 5000

Davis, CA 95617

USA

Desi gned suppl enental oxygen systens for Page Spring State Fish Hatchery
(Arizona)

Lincoln Cochran 217-753-0077
Fish Pro

1201 South 6th Street

Springfield, IL 62703

USA

Working on suppl emental oxygen systens for:
Potomac Electric Power Conpany (Maryland),
San Marcos State Fish Hatchery (Texas),
Cl eghorn Springs State Fish Hatchery (Rapid City, South Dakota)
Decorah State Fish Hatchery (Decorah, |owa)

Wayne Da | ey 206-871- 2727
Fi sh-Pro

3780 SE State Hwy 160

Port Orchard, WA 98366

USA

Desi gned suppl enmental oxygen system for Tonto State Fish Hatchery (Arizona)

William Logan 303-493-4831
Keeton Fi sheries Consultants

419 Canyon Ave, Suite 215

Fort Collins, CO 80521

USA

Using M chigan type colums for tilapia and bass.

Jeffrey Hinshaw 709- 684- 3562
North Carolina State University

2016 Fanning Bridge Road

Fl etcher, NC 28732

USA

33



| am an extension aquacul ture specialist advising the North Carolina trout
industry on the potential for supplemental oxygen use. W are currently
testing supplemental oxygen on six farms in North Carolina.

Bob Piper 406- 586- 9520
Pi per Technol ogy

P.O Box 3706

Bozeman, MI 59772

USA

Consultant to both commercial and governnental agencies.

Kevin Fitzsimmons 602-621-7962
Uni versity of Arizona

Envir. Research Lab

2601 E. Airport Dr.

Tucson, AR 85706

USA

WIl be getting pressure swing unit soon. Also working with Tilapia
farmers using liquid oxygen system

34



SECTION VI

RESPONSE OF MANUFACTURERS OF OXYGEN SUPPLEMENTATION EQUIPMENT

Manuf acturers and individuals supplying equi pment for oxygen suppl enentation
systens are presented in this section. They are sorted by country, and
conpany nanme. (This list is not intended to be an endorsenent of any

equi pment or its manufacturer, and is provided here is a convenience to the

reader.)
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SWEDEN

Ewos, A B

P.O Box 618

S- 15127 Sodertalje
SWEDEN

Manufacture a type of pressurized suppl emental oxygen col um.

USA
Air Products 215-481-4911
[ ndustrial Gas Division
Box 538
Al l entown, PA 18105
USA

Manuf acture oxygen absorber equipnent.

Ed Clark 713-995-0808
ATEC

8323 SSW Fwy, Suite 800

Houst on, TX 77074

USA

Manuf acturer of the ATEC oxygen absorber units.

Ted Gregg 503- 758- 1555
EMA Marketing, Inc.

5065 Sout hwest Nash Avenue

Corvallis, OR 97333

USA

Manuf acture packed colums that can be used with supplenmental oxygen.

Steve Van Gorder 215-683- 7933
Fresh-culture Systens

P. 0. Box 242

Kut zt own, PA 19530

USA

Design of sinple mxing chanber for counter-current |iquid oxygen
i njection.

Angelo Barberic 716-691- 7474
G eene & Kell ogg

290 Creekside Drive

Tonawanda, NY 14150

USA

Manuf act urer of Xorbox psa oxygen generator units.
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Robert Dimesky 203-224- 3500
I nternational Oxygen Corp.

159 John Downey Drive

New Britain, CT 06051

USA

Manuf acturer of Nitrox psa oxygen generators

Francisco Sumodjo 602- 861- 3211
Liquid Ar

10010 North 25 th Drive

Suite 100

Phoeni x, AR 85021

USA

Application manager responsible for pronoting oxygenation systems for
aquacul ture in the Western United States.

H. D. Brodbeck 914-789- 2585
Uni on Carbi de

Li nde Division

Mar ket Devel oprent

Od Saw MIl River Road

Tarrytown, NY 10591

USA

Mar ket a high efficiency dissolved oxygen systemthat has been installed
at a nunber of fish facilities.

Ken Robar 303-242-8623
VMG | ndustries

858 Grand Avenue

Grand Junction, CO 81501

USA

Manuf acturer of suppl emental oxygen packed col ums and AMOX psa oxygen
generator units.

Todd Powless 717-677-6181

Zeigler Brothers, Inc.
P. 0. Box 95

Gardners, PA 17324
USA

Market the Aquatector oxygen supplenentation absorption unit.
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SECTION VII
CURRENT RESEARCH IN OXYGEN SUPPLEMENTATION
I ndi vidual s active in the research of oxygen suppl ementation systens are
presented in this section. They are sorted by country and personal nane.

The followi ng codes are used:

Interests
a Econom cs of Suppl emental Oxygen
b Use of Supplenental Oxygen Systens
c Desi gn/ Engi neering of Supplenental Oxygen Systens
d Physi ol ogi cal / Bi ol ogi cal Effects of Supplenmental Oxygen

e Oxygen Toxicity/ Gas Bubble Trauma due to H gh Oxygen Concentrations



CANADA

Larry Fidler

Dept. of Zool ogy

Uni versity of British Columbia
6270 University Blvd
Vancouver, BC V6T 2A9

CANADA

[ nterest

Gas Bubble formation;
response.

Bryan Ludwig
Fi sheries Branch
M nistry of Environment & Parks

Parliament Buildings
Victoria, BC VBV 1X5
CANADA

I nterest

Application of supplemental

Don MacKinlay

SEP

555 West Hastings Street
Vancouver, BC V6B 5G3
CANADA

| nt er est

Ef fects of high concentration of oxygen on nortality,

physi ol ogy of salnon and trout

Jack Mathias
Fi sheries and Cceans

Freshwater Institute

501 University Cresent

W nni peg, Man. R3T 2N6

CANADA

I nterest

Bi ol ogi cal effects of suppl enental

604-879- 2869

de

Gas bubble trauma in fish and cardi ovascul ar

604-387-9682

bc

oxygen systens

604- 666- 3520

abcde

204-983- 5155

abcde

oxygen on sal noni ds

39
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USA

Gary Boersen 517-373-1280
Fi sheries Division

M chigan D.N R

P. 0. Box 30028

Lansing, M 48909

| nt er est bc

Design of supplenmental oxygen systens

Gerald R. Bouck

Division of Fish and WIldlife (PJS)
Bonnevi |l | e Power Adm ni stration
P. O Box 3621

Portland, OR 97208-3621

| nt er est abcde

Currently funding a hathery-scal e denpnstration project on spring chinook
sal mon regarding suppl enental oxygen and rearing density.

Howard Brodbeck 914- 789- 2585
Li nde Division

Mar ket Devel oprrent

Uni on Car bi de Corporation

Od Saw MII River Road

Tarrytown, NY 10591

US A

[ nterest c
Application of supplenmental oxygen systens

John Colt 916-678-5126
Fish Factory

P.O Box 5000

Davis, CA 95617

USA

I nt erest abcde

Desi gn of supplenental oxygen systens

William Dwyer 406- 587- 9265
Fi sh Technol ogy Center

4050 Bridger Canyon Road

Bozeman, MI 59715

USA

| nt erest cde

Oxygen injection in high and |low pressure systens
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Richard Ewing

Oregon Department of Fish and Wldlife
850 S.W 15th Street

Corvallis, OR 97333

| nt er est abcde

Conducting studies of the effects of rearing density and suppl ement al
oxygen on the culture of spring chinook sal non.

Joseph Fuss 312- 855- 5686
Harza Engi neering Conpany

150 S. Wacker

Chi cago, |IL 60606-4288

USA

I nt erest abc

Design of on-line nonitoring equipnent

Donald Garling 517- 355- 7493
M chigan State University

Dept. Fish. & WIldl.

East Lansing, M 48864

USA

| nt erest abde

Effects of gas supersaturation on sal nonids

James Geiger 304- 725- 8461
US and WIidlife Service

Box 700

Kearneyville, W 25430

USA

[ nt erest cde

Ef fects of oxygen injection upon sw nbladder inflation, survival, and
growth of larval striped bass

Todd Hanna 906- 632- FI SH
Lake Superior State University

102 Union St. (Sal mon Run)

Sault Ste. Marie, M 49783

USA

[ nt er est abcde

Ef fects of hyperoxic conditions on hatchery reared rainbow trout

hl



Terry Kayes 608-263- 1242
UM Aquacul ture Program

Babcock Hal

University of Wsconsin

Madi son, W 53706

USA

[ nt erest abcde

Assessment of |owlevel gas supersaturation and oxygen suppl enentation as
stressors in lake and rainbow trout

William Krise 717-724-3322
US. Fish & Wldlife Service

R D. #4, Box 63

Wel | sboro, PA 16901

USA

[ nt erest de

Bi ol ogi cal effects of gas supersaturation and oxygen suppl enentation

Lief Marking 608- 783- 6451
U S Fish and Wldlife Service

Box 818

Lacrosse, W 54602

USA

[ nt er est abcde

Gas supersaturation problens in fisheries and aquacul ture

James Meade 717-724-3322
US. Fish &WIdlife Service

R D. #4, Box 63

Wel | sboro, PA 16901

USA

[ nt erest cde

Bi ol ogical effects of gas supersaturation and oxygen suppl enentation;
design of oxygen systens

Nick Parker 205-683-6175
Sout heastern Fish Cultural Research Lab

U S Fish and WIldlife Service

Route 3, Box 86

Marion, AL 36756

USA

[ nt er est abcde
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Gowth of striped bass at various |evels of oxygen and the influence of
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